Background: The goal of this study was to evaluate whether a modified fluoroscopic technique for positioning a hook plate affected the clinical results of treating Neer type II distal clavicle fractures and Rockwood type V acromioclavicular (AC) joint separations with this device. Methods: The study was a retrospective consecutive case series with data analysis. Sixty-four patients with a Neer type II distal clavicle fracture or a Rockwood type V AC joint injury treated between March 2009 and June 2013 were divided into 2 groups: traditional fluoroscopic technique (traditional view, 31 patients) or modified fluoroscopic technique ('hook' view, 33 patients). A visual analogue scale (VAS) score, the modified University of California-Los Angeles (UCLA) shoulder scale score, and radiographic osteolysis were the main outcome measures. Results: The traditional group included a significantly larger number of patients with acromial osteolysis than the hook view group: 23 patients (74.2%) vs. 11 patients (33.3%), respectively (p=0.01). Before plate removal, the hook group reported less pain and higher UCLA shoulder scale scores than the traditional group: average VAS score, 1.55 vs. 2.26, respectively; average UCLA score, 30.88 vs. 27.06, respectively. However, there was no significant difference after plate removal. Conclusions: The hook view allows more accurate bending of the hook plate around the contour of the acromion, resulting in decreased osteolysis, decreased pain, and better function with the plate in situ. (Clin Shoulder Elbow 2016;19(1):25-32) 
Introduction
High-grade acromioclavicular (AC) joint separations and distal clavicle fractures accompanied by disruption of the coracoclavicular ligaments can produce deformity and loss of shoulder function. 1, 2) Despite controversy regarding whether these injuries should be treated nonoperatively or surgically, the surgical treatment remains a challenge because of a variety of factors.
The challenge of treating these injuries is reflected in the wide variety of available surgical techniques. [3] [4] [5] [6] [7] [8] [9] One of these techniques, the clavicular hook plate, has been advocated by several studies. [10] [11] [12] [13] [14] The advantage of the hook plate is that it can be used by itself to maintain reduction of the distal clavicle or in conjunction with ligament reconstructions. 6) Its disadvantages are that it can result in pain from acromial osteolysis and that a second operation is required for removal of the plate. [15] [16] [17] [18] [19] In our clinical experience with Neer 1) type II distal clavicle fractures (Orthopaedic Trauma Association 20) type 15-C1.2, 15-C1.3, 15-C2.2, and 15-C2.3) and Rockwood 2) type V AC joint separations (Orthopaedic Trauma Association 20) type 10-B3.3 and 10-B3.4), we found that the tip of the hook was irritating the acromial undersurface in most cases after conforming the AO hook plate and hook with a conventional shoulder anteroposterior (AP) radiographic view and altering the shape of the hook portion of the plate to better fit the acromion by assessing the acromial shape with a special fluoroscopic image resulted in less osteolysis, less pain, and better function with this device in situ than after a traditional placement technique. Our hypothesis is that altering the shape of the hook with our special fluoroscopic image during AO hook plating can cause conforming the plate and the hook to the anatomy for prevention of osteoysis and improvement of its clincal consequences. The goal of this study was to evaluate this observation.
Methods
The Institutional Review Board of The Hallym University granted permission for this study. This study was a consecutive case control series of patients treated at one institution from March 2009 through June 2013. Inclusion requirements for patients included a closed Neer type II distal clavicle fracture or a Rockwood type V AC joint injury, an acute injury to 1 shoulder only, normal function of the shoulder before injury, no other concomitant injuries (via shoulder magnetic resonance imaging [MRI] before surgery), and at least 12 months of follow-up. Exclusion criteria were bilateral injuries, previous shoulder problems on the affected side, a history of previous shoulder surgery on the affected side, or polytrauma of other extremities. Nineteen patients were excluded: 8 patients had rotator cuff problems, 5 patients had a problem of biceps long head tendon, 3 patients had both, one had other trauma, with a proximal humerus fracture on the same side treated by plating, 1 patient had a history of previous rotator cuff repair on the same side, and 1 patient had bilateral distal clavicle fractures and a 5th cervical spine fracture with nerve symptom. Therefore, our study group consisted of 64 patients with a Neer type II distal clavicle fracture (n=40) or a Rockwood type V AC separation (n=24) ( Table 1) .
All patients were treated with an AO clavicular hook plate (Synthes, Paoli, PA, USA). All patients were placed in the beach chair position, and fluoroscopy was used to verify the plate position and adequate reduction of the deformity. To promote fracture healing, all patients had a superior incision with minimal dissection of the periosteum. The deformity was reduced and Values are presented as median (range) or number only. held in position using Kirschner (K)-wires inserted into the distal and proximal fragments for type II clavicle fractures and from the lateral acromion across the AC joint into the distal clavicle for AC joint separations. For application of the hook plate, the patients underwent 1 of 2 fluoroscopic view techniques: a traditional AP fluoroscopic view of the shoulder (31 patients) or a modified AP fluoroscopic view, which we have termed the 'hook' view ( Fig. 1 ; 33 patients). This hook view is obtained by directing the beam from anterior to posterior with the beam placed approximately 30 to 40 degrees caudally; the angle is adjustable depending on anatomic variability. To avoid an impedance of the metal frame of the bed, arm and shoulder should be placed out of the bed as in shoulder arthroplasty (Fig. 1A ). The hook view shows the inferior cortex of the posterior portion of the acromion (with its own unique tilt angle) better than the traditional view and thus permits better contouring of the plate to allow closer contact of the hook with the undersurface of the acromion (Fig. 2 ).
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During plating, plate bending was necessary in all cases with traditional shoulder AP view and it was usually done in a bridge part between hook and plate body, not the hook itself. However, the hook view showed us that bending the hook itself as well as the bride part was also absolutely necessary for best fit between hook and acromion in all cases with hook plating (Fig. 3 ). Under the hook view, plate contour could be adjusted to the acromial undersurface until the tip and rod part of the hook have antomical conformity with the acromion. Regarding the hook bending, we did not realize the necessity of altering of the tip of the hook before the use of the hook view. Develpment of the hook view caused us to appreciate the necessity of bending the hook (tip and rod portion of the hook) as well as the bridge part. Thus, in some cases with traditional shoulder AP view, we did a blind altering of the hook and rod portion without any concrete idea regarding how to decrease pain after plating. The extent of fit between acromion and hook was not definitely evaluated in the traditional group. In cases with hook view, hook bending was done gradually and accurately in all cases to obtain the best fit. The tip of the hook was bent downward in both groups. The main point in surgical procedures in both groups is that hook altering and placement under two different types of imaging can make a difference in the extent of altering of hook part and placement.
There are 3 options for hook plating according to hook depth (12, 15, 18 mm) . After trying all 3 options, we selected one because it depends on the distance from the upper most part of the most distal part of the clavicle to the undersurface of the posterior acromion. We found that choosing the wrong plate with inappropriate hook depth made plating very difficult.
For all patients, the plates were then applied and their positions were verified. For patients with AC separation, the AC ligaments were then repaired using a transosseous suture technique. Once the plate was applied and secured the K-wires were removed.
After surgery, all patients were administered an intravenous patient controlled analgesia for 2 days after surgery and took the same nonsteroidal antiinflammatory drugs with the same schedules. All patients were treated with a similar rehabilitation program under the same physical therapeutic team. All patients were allowed to move their fingers, wrists, and elbows immediately. Pendulum exercises were allowed as soon as comfort allowed. All patients were discharged with a home rehabilitation program, and active shoulder range of motion was allowed as tolerated. Patients were seen at regular intervals, and shoulder range of motion was measured using hand-held goniometers.
At the preoperative visit for plate removal, all patients under- went a physical examination for evaluation of shoulder range of motion shoulder range of motion. All patients completed a visual analogue scale (VAS) pain assessment and a modified University of California-Los Angeles (UCLA) shoulder scale outcome score. 21) For patients with AC separations, plate removal was recommended if 3 months had passed after plate application and AC joint tenderness had ended. For all patients with AC separations, plates were removed at an average of 16.82 weeks (range, 13.71-19.14 weeks) after surgery. For patients with fractures, plate removal was recommended as soon as there was radiographic evidence of fracture healing; plates were removed at an average of 18.86 weeks (range, 12.14-25.43 weeks) after surgery. All patients with fractures were followed until there was radiographic evidence of fracture healing (average, 17.45 weeks; range, 12-23.71 weeks). Patients with AC separations were followed until there was no tenderness at the AC joint.
At the final follow-up after plate removal (average, 74.29 weeks; range, 49.43-152.43 weeks), all patients were again examined for range of motion, completed a VAS pain assessment, completed a modified UCLA shoulder scale outcome score, and underwent radiographic examination (AP and axillary shoulder views for all, plus a hook view for those with that view previously). Pain after plating is usually provoked by motion rather than rest. Patients were asked to assess the average pain level in their daily activity because patients have different activity levels. The osteolytic lesion is defined as a rod shaped radio-lucent lesion observed at the same location where the hook was seated. All radiographs were evaluated for osteolysis of the undersurface of the acromion (Fig. 4) by an independent examiner who was blinded to the type of fluoroscopic view taken at the time of surgery, but osteolysis could be identified well only on the axillary shoulder view. Because the amount of osteolysis could not be quantified, only two categories, whether or not the osteolytic lesion was seen in postoperative axillary view.
Descriptive statistics, including means and standard deviations, were calculated for comparison of the traditional and hook view groups. The t-test was used to determine significant difference in radiographic and the identified clinical outcomes and pain between the 2 groups. Because differences of each variable before and after plate removal were not normally distributed, nonparametric univariate analysis was performed with the Wilcoxon signed rank test for comparison of results before and after plate removal. Data analysis was performed using the SPSS software ver. 15.0 (SPSS Inc., Chicago, IL, USA). A p-value of <0.05 was considered statistically significant.
Results
Prior to plate removal, there were significant differences between the groups in terms of pain and function (Table 2) : the hook view group had significantly less pain (pain VAS score) and significantly better function (UCLA shoulder scale score, active forward elevation and abduction of the shoulder) than the traditional view group. However, after plate removal at the last follow-up, there was no significant difference in shoulder range of motion, pain VAS score, or UCLA shoulder scale score between the 2 groups (Table 2) .
There was no occurrence of infection in either group, and all fractures healed. In the traditional view group, 1 patient had dislodgement of the hook that required reoperation (successful), and 1 patient required an arthroscopic release of adhesions during plate removal because of stiffness. In both groups there was no implant breakage, fracture nonunion, severe displacement of the AC joint, or periprosthetic bone fracture during plate insertion, after plate insertion, or after plate removal.
A significantly larger number of patients had acromial osteolysis in the traditional view group compared with the hook view group (23/31 patients vs. 11/33 patients, p=0.01) ( Table 2) .
Both groups showed statistically significant improvements in pain VAS score, UCLA score, and active abduction between the scores prior to plate removal and after plate removal ( Table 2 ).
Discussion
This study has shown that, prior to plate removal, using our hook fluoroscopic technique when inserting the AO clavicular hook plate for a Neer type II distal clavicle fracture or a Rockwood type V AC separation resulted in less pain, better range of motion, and better function with the plate in situ than a plate inserted using the traditional technique. However, after plate removal we found that the results clinically were equivalent regardless of the radiographic technique used at the time of surgery.
The results of our study are similar to those previously reported for hook plates used for these types of injuries. High complications rates, with the use of hook plates, including acromial osteolysis, have been reported in the previous literature. Development of acromial osteolysis after surgery with a hook plate was reported in 86.7% (13/15) by Muramatsu et al., 18) 16.1% (5/31) by Meda et al., 17) 27.8% (5/18) by Tambe et al., 19) and 25.0% (7/28) by Tiren et al. 13) Our study confirms those high rates of acromial osteolysis, although the rate was significantly lower in the hook view group than in the traditional view group: 33.3% (11/33 patients) vs. 74.2% (23/31 patients), respectively. Except the study by Muramatsu et al., 18) the rates of osteolysis were lower compared with our study. We are not sure how osteolysis was defined in previous studies; we evaluated the status of osteolysis after plate removal. If they checked the status of osteolysis before plate removal, the rate of osteolysis could be less recognized because the hook could conceal the extent of osteolysis.
The literature also documents pain and disability while the hook plate is in place. Impingement pain or pain on shoulder motion after hook plating was reported in 30/44 (68.2%) pa-tients by Renger et al., 11) 15) and 9/28 (32.1%) patients by Tiren et al. 13) In our study, pain with shoulder motion with the hook plate in situ was also found in 35/64 (54.7%) patients. However, the hook view group (36.4%, 12/33 patients) showed significantly less pain than patients with a hook plate inserted using the traditional radiographic view (74.2%, 23/31 patients). As reported by the other authors listed above, these symptoms of pain and loss of motion improved significantly once the plate was removed, particularly in the traditional view group. These results support the idea that plate removal should be considered in most cases as the clinical outcome is better with patients having less pain, fewer functional deficits, and better UCLA scores.
The exact cause of the pain when hook plates are in situ is controversial. Hackenberger et al., 23) who evaluated 28 shoulders with Tossy type III AC separation treated via hook plates by following-up with ultrasonography and MRI, found no highgrade rotator cuff lesions or signs of impingement. In contrast, Chandrasenan et al. 15) reported acromial erosions and damage to the supraspinatus around the hook portion via arthroscopic examination in some patients.
Our study was based on an idea that reshaping of the hook part of the plate in accordance with contour of the acromial undersurface could avoid sharp irritation by the hook tip or edge. According to the study by ElMaraghy et al., 16) the hook part tends to be located under the posterior part of the acromion (Fig. 5 ). Impingement, subacromial bursitis, and subacromial osteolysis on X-ray are signs of a mismatch between the plate and the anatomy of the patient. 12) These complications can be minimized by performing an anatomic fit of the plate during the procedure. 12) Muramatsu et al. 18) found it necessary to bend the hook in 77% of their patients, and found migration of the hook after fixation in most of their patients. It was assumed that forced fixation of the plate to the clavicle caused a pressure concentration to the hook itself and then produced hook migration. The appropriate bending of the hook was performed to prevent forced fixation of the plate. 18) Lee et al. 24) performed arthroscopy during the procedure to verify the position and fit of the hook and tip besides intra-operative fluoroscopy verification. However arthroscopic verification can require an unnecessary sacrifice of healthy bursal tissue and another incisions. We found that by altering the fluoroscopic view as described here, the plate contour could be adjusted to the acromion, potentially lessening the complications. With traditional shoulder AP view we could not determine whether or not placement of the hook on the acromion is important because the relationship between hook and acromial undersurface could not be evaluated, and we could not confirm whether the tip of hook was well placed according to the author's point, but we found that all hooks performed using traditional shoulder AP view were confirmed as poorly placed with hook view, meaning that all hooks usually had a sharp contact with the undersurface of the acromion with traditional view (Fig. 3) .
To the best of our knowledge, there is no previous publication describing a radiologic view that delineates the undersurface of the posterior acromion well. In a review of the 11 previously published studies 4, [10] [11] [12] 18, 22, [25] [26] [27] [28] describing the surgical technique of the hook plate, conventional shoulder AP and axillary views and AP AC joint views were usually used for preoperative and postoperative evaluation. Among these studies, fluoroscopy was used during plating in only three studies and plate bending was reported in six studies. 12, 15, 18, [24] [25] [26] [27] We have found that hook plate application was impossible without plate bending and that bending of the hook part in plate contouring was impossible without fluoroscopic guidance. Traditional radiographic views as reported in the literature may not provide an optimal display of the posterior part of the acromion. The main advantage of our hook view is that it enables the surgeon to contour the plate so that it has a more accurate contact with the posterior acromion ( Fig. 6 ). However, other factors regarding acromial osteolysis should be considered, including that it cannot be completely avoided in cases of AO hook plating because this plate was originally designed as a hook that should have contact with the acromion for maintenance of reduction. And the acromial un- dersurface may not be parallel with the motion of the hook during shoulder motion, so that the best fit between hook and acromion cannot avoid acromial osteolysis because the side edge of the hook can erode the acromion despite having the best fit. We confirmed it through arthroscopic exam in some cases with pain after plating (Fig. 7) . Therefore, acromial osteolysis could not been eliminated despite the best fit under the author's standard in the group with H-view despite a significantly low incidence of ostelysis compared with the group with traditional shoulder AP view. Bending of the hook with H-view contributed to reducing the amount of osteolysis, not complete removal.
Our study has several limitations. First, it is a consecutive case series with a historical control group. A prospective, randomized study might produce different results. We did not compare the fluoroscopic techniques in every patient to determine the difference in plate placement using one technique of placement versus another. There was no blinding in this study, but the VAS and UCLA shoulder scale scores were completed by the patients without the assistance or influence of the examiners. Also, the physical examination was not blinded, which might have influenced some of the measurements. The limitations of hand-held goniometers are well known, and the use of multiple examiners might have influenced the results. 29, 30) In the pain evaluation the average pain level in daily activity was used instead of a separate evaluation of resting pain and pain on activity. Unfortunately, we had no method for quantifying the amount of osteolysis. Therefore the relationship between osteolysis and pain could not be analyzed, which was also the weakest point of this study.
Conclusion
Use of a modified fluoroscopic technique (the hook view) for placement of the AO hook plate enables more accurate placement of the hook under the posterior acromion. Our study has shown that this procedure results in less osteolysis, less pain, and less loss of function with the plate in situ. It is important to conform the plate and the hook to the anatomy in order to prevent osteolysis and its clinical consequences. A prospective and randomized study would be recommended to study the use of this fluoroscopic technique for the placement of hook plates in the distal clavicle.
